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(57)Abstract: 

PURPOSE: To widely and easily reduce the CO content in a reformed gas even in a small- 
sized apparatus by mixing the reformed gas with oxygen and subsequently passing the mixed 
gas through a layer of a specific CO-selective oxidation catalyst. 
CONSTITUTION: At first, a reformed gas obtained from a hydrocarbon raw fuel (e.g. 
methanol) is mixed with oxygen in a ratio of <20vol.% based on the reformed gas. 
Subsequently, the mixed gas is passed through a layer of CO-selective oxidation catalyst 
consisting of copper oxide an d manganese oxide to reduce the CO content in the reformed 
gas to <0.1%. The CO-selective oxidation catalyst layer is preferably operated at 50-1 80°C. 
Further, the catalyst is preferably used in a state in which the surface activity is lowered in 
advance. The reduction of catalyst activity is achieved e.g. by exposing the catalyst to the 
atmosphere for a long time. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2 **** s hows the word which can not be translated. 

3 Jn the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] CO removal method in the reformed gas characterized by reducing CO concentration in reformed gas to 0.1% or less by mixing 
air at a rate not more than 20vol% by reformed gas criteria to the reformed gas which reforms hydrocarbon system field fuel and is 
obtained, and passing CO selective oxidation catalyst bed which consists the aforementioned mixed gas of a copper oxide and manganese 
oxide. 

[Claim 2] CO removal method in the reformed gas according to claim 1 which operates CO selective oxidation catalyst bed by the 50-180- 
degree C temperature requirement. 

[Claim 3] CO removal method in the reformed gas according to claim 2 with which CO selective oxidation catalyst is used where surface 
activity is reduced beforehand. 

[Claim 4] CO removal method in the reformed gas characterized by reducing CO concentration in reformed gas to 0.1% or less by mixing 
air at a rate not more than 20 vol % by reformed gas criteria to the reformed gas which reforms hydrocarbon system field fuel and is 
obtained, consisting the aforementioned mixed gas of gold and an iron oxide, and passing CO selective oxidation catalyst bed with a 
temperature of 50-230 degrees C. 



[Translation done.] 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3 In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] this invention relates to the method of reducing CO concentration in reformed gas greatly, by oxidizing 
alternatively CO contained in the reformed gas which reforms hydrocarbon system field fuel and is obtained to C02. In the hydrocarbon 
reforming system especially used as an object for the fuel supply of a low-temperature operation type fuel cell etc., the case where it is 
necessary to reduce the amount of content COs in reformed gas as much as possible by the culmination etc. is the main field of the 
invention. 
[0002] 

[Description of the Prior Art] Reforming technology of a hydrocarbon is widely used in uses, such as a chemical processing plant. The 
general reforming method is as follows. First, the reformed gas which makes H2 a principal component by the steam-reforming reaction or 
the pyrolysis reaction from the hydrocarbon which is a raw material is generated using a reforming catalyst. Since the gas which is made 
into the purpose in the usual case is H2, CO by which considerable-amount content is carried out into reformed gas next is made to react 
with H20, and CO conversion reaction converted into H2 and C02 is used. Thus, it is common for CO content to be low and to obtain 
reformed gas with the high content of H2 by two kinds of reactions. 

[0003] The typical reaction formula of the steam-reforming reaction at the time of using a methanol as a raw material, a pyrolysis reaction, 
and CO conversion reaction is shown in a formula (1), (2), and (3), respectively. It is thought that the various reactions except having been 
shown here have occurred in parallel actually. Anyway, the reformed gas obtained as a result of such a reaction makes H2 the principal 
component (70 - 80%), and C02 and H20, CO, etc. are contained in this. 
[0004] 
[Formula 1] 

/ITT rtTT tt /-* /-n i-\ OTT 

v^jigun **2 U ~* ^2 on 2 (1) 

CH3OH -* CO + 2H 2 (2) 
CO + H 2 0 - C0 2 + H 2 (3} 

[0005] In reforming performed in an actual chemical processing plant etc., there is the need of obtaining H2 of a high grade further, in 
many cases, and impurity gas removals, such as CO, are performed using separation technology, such as a pressure -swing-ad sorption 
method (the PSA method), in this case. Since reforming of such a hydrocarbon generally performed is reforming by large-sized equipment, 
it can obtain the reformed gas which does not contain CO using a large-scale method like the PSA method, or hydrogen with high purity. 
[0006] on the other hand -- recent years ~ as the original fuel of a fuel cell ~ a hydrocarbon -- using -- it ~ reforming ~ hydrogen ~ using 
as rich gas is performed Since CO can also be used as fuel also in a fuel cell by high- temperature-form fuel cells, such as a fused carbonate 
fuel cell and a solid oxide type, it is not necessary to remove CO in reformed gas. However, since CO by which operating temperature is 
contained in reformed gas with the phosphoric acid fuel cell around 200 degrees C carries out poisoning of the platinum catalyst of an 
electrode, it will be necessary to reduce CO concentration to at least 0.5% or less. Still, if it is level of this level, CO concentration can be 
enough responded only at CO conversion reaction according to the present advanced CO conversion catalyst. 

[0007] However, it is necessary to make even ppm order reduce CO concentration in a fuel cell which is represented by the solid-polymer- 
electrolyte type fuel cell and which operates further at low temperature (before or after a room temperature - 100 degrees C). This is 
because [ from which adsorption poisoning of CO to the platinum catalyst used for the electrode of a fuel cell becomes easy to happen ] it 
becomes, when the operating temperature of a fuel cell becomes low. The platinum catalyst which has the resistance which was [ that such 
a phenomenon should be coped with ] excellent in recent years also to CO of 100 ppm level is developed. However, it is very difficult to 
reduce CO concentration below on this level only at general CO conversion reaction. 

[0008] Also in a sol id- polymer-electrolyte type fuel cell, a scale is large to some extent, for example, if it is the system which supplies fuel 
to the fuel cell of lOkW or more of output numbers, it is [ in / the latter part of CO conversion ] possible to adopt the hydrogen separation 
method using the palladium film. However, since it is necessary to carry out purge removal of the impurity gas, such as CO which needed 
to pressurize reformed gas in this case, and was separated, it is necessary to switch batch operation or two or more hydrogen segregates, 
and to operate. Moreover, when a palladium film is used, there are also a problem that the palladium film itself deteriorates by high- 
concentration CO and C02 grade which are contained in reformed gas, and a problem of cost. 

[0009] On the other hand, the use out of which low-temperature operation type fuel cells, such as a solid-polymer-electrolyte type fuel cell, 
come in many fields by merits, such as the compactability and high power density, is expected. For example, it can use by using with a 
small reforming machine also as a portability type power supply or a moved type robot's power supply. Moreover, using as a power supply 
of an electric vehicle is also examined. However, when application expansion of these small comparison systems is considered, except a 
use which can use a hydrogen bomb etc. as fuel sources and which was limited extremely, what the source of supply of the hydrogen which 
is the fuel is carried out poses a practical big problem, namely, a hydrocarbon -- reforming hydrogen - even if it is going to obtain rich 
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gas, there is a problem which can reduce CO concentration to about at most 0.1% only at CO conversion reaction On the other hand, if the 
above separation technology is used, there will be a problem of being hard to avoid expensive and large-scale equipment and a bird clapper, 
and small system implementation will become difficult. There was no CO removal method which could be made to reduce CO 
concentration greatly in the very small-scale reforming machine which can overcome such a situation, and was excellent with 
comparability, simple nature, and safety to this. 
[0010] 

[Problem(s) to be Solved by the Invention] When the application to the low-temperature-form fuel cell of hydrocarbon reforming etc. is 
considered as mentioned above, to make even 10 more ppm order reduce CO concentration in reformed gas 0.1% or less is desired. 
Therefore, this invention aims at offering the simple method of making even the above low concentration reduce CO concentration in 
reformed gas also in small-scale equipment. 
[0011] 

[Means for Solving the Problem] the reformed gas which CO removal method of this invention reforms hydrocarbon system field fuel, and 
is obtained -- air -- reformed gas criteria -- 20vol(s)% (they are 20vol(s) to reformed gas lOOvol) — CO concentration in reformed gas is 
reduced to 0.1% or less by the following's coming out comparatively, mixing and passing CO selective oxidation catalyst bed which 
consists the aforementioned mixed gas of a copper oxide and manganese oxide Here, it is desirable to operate CO selective oxidation 
catalyst bed by the 50-180-degree C temperature requirement. Moreoverrk is desirable to use CO selective oxidation catalyst, where 
surface activity is reduced beforehand. 

[0012] Moreover, CO removal method of this invention reduces CO concentration in reformed gas to 0,1% or less by mixing air at a rate 
not more than 20vol% by reformed gas criteria to the reformed gas which reforms hydrocarbon system field fuel and is obtained, consisting 
the aforementioned mixed gas of gold and an iron oxide, and passing CO selective oxidation catalyst bed with a temperature of 50-230 
degrees C. 
[0013] 

[Function] When a copper oxide / manganese oxide system catalyst is used as a CO selective oxidation catalyst, this catalyst is excellent in 
the capacity for a catalyst independent to oxidize CO alternatively, and even if 02 grade does not live together, it functions. However, in 
order to oxidize some H2 which is a principal component in reformed gas actually, consumption by CO oxidization also laps with this, and 
the oxygen atom in manganese oxide is lost quickly. In this way, the aforementioned catalyst will completely lose the effect in the inside of 
a short time extremely. However, since the oxygen in mixed air is used for oxidization of CO etc. through the aforementioned selective 
oxidation catalyst when it lets it pass to a catalyst bed, after mixing air at a rate not more than 20vol% to reformed gas, it can be used more 
for a long time. Moreover, unusual overheating and the overrun by oxidation reaction can be prevented by using it, where it operated the 
catalyst bed by the limited 50-180-degree C temperature requirement and the activity of a catalyst is reduced beforehand, maintaining CO 
selectivity at high level. 

[0014] Moreover, when there is no capacity, as for this catalyst, for itself to oxidize CO when CO selective oxidation catalyst of gold / 
iron-oxide system is used, and 02 grade lives together, this can be used and CO can be oxidized alternatively. Although CO oxidization 
does not take place even if it lets reformed gas pass for this catalyst since 02 generally hardly exists in reformed gas, after mixing air at a 
rate not more than 20vol%, in order to let it pass to a catalyst bed, oxidization of CO takes place by the method of this invention. Thus, the 
reformed gas which oxidized CO to C02 can reduce CO concentration even before and after 10 ppm, when conditions are prepared. It 
becomes possible for the amount to be the grade which can be admitted although a part of H2 oxidizes, and to contain originally C02 
generated by oxidization of CO just over or below 20% in reformed gas, and to be also able to disregard the bad influence to a solid- 
polymer-electrolyte type fuel cell etc., and to use it as fuel as it is on the other hand. 
[0015] 

[Example] The example of CO removal method by this invention is described below. 

The outline composition of CO stripper used for the [example 1] this example is shown in drawing 1 . The reforming section 2 which uses a 
methanol as original fuel, CO conversion section 3 which continues at this, and CO removal section 4 are installed in the glass tube 1 with 
a diameter of 15mm. There is a mixing nozzle 4 of air in the passage between CO conversion section 3 and CO removal section 4, and 
predetermined air is mixed according to the flow rate of reformed gas. In this example, it has the structure where the air of a constant rate is 
mixed by the venturi tube method according to the flow rate of reformed gas as a simple method. CO removal section 4 is a cylinder-like, 
and the interior is filled up with 70g of granulatio-like CO selective oxidation catalysts. In this exampl e, the mixtur e of 25% of the weight 
o f CuO and 75 % of the weight o f Mn0 2jsj ^dJ"o jrCO s elective oxida tion catalyst as a copper oxicle / a manganese oxide system catalysT 
1 The catalyst of thiFs^^errfiTknown as common-name HOPUKXIHTTO^ 

[0016] Temperature of 350 degrees C and CO conversion section 3 was made into 220 degrees C for the temperature of the reforming 
section 2, the mixed solution which mixed water with the methanol at a rate of a mole ratio 1:2 was evaporated, and the reforming section 
was supplied. CO removal section 4 considered as the room temperature, and the amount of air mixtures was changed to the reformed gas 
flow rate (except for a steam) between 0 - 20vol% (it is the same the value over reformed gas 100 vol, and the following), and measured CO 
concentration and H2 concentration in an outlet. Moreover, since the catalyst itself needed to be exhausted gradually, and the activity of 
this catalyst needed to be lost and it needed to exchange catalysts in that case, it measured the persistence time until CO removal operation 
falls remarkably about each ****. A result is shown in Table 1. In addition, as for the outlet gas composition from CO conversion section, 
as for CO, H2 was 0.35 - 0.4%, i.e., 3500-4000 ppm, just over or below 75%, C02 was just over or below 24%, and the dry gas flow rate 
was a part for abbreviation 2L/. 
[0017] 
[Table 1] 
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[0018] as this result showing - the mixing ratio of air - a rate shows that CO concentration is falling greatly by processing with CO 
selective oxidation catalyst which consists of a copper oxide / a manganese oxide system, although values differ However, since the CO 
selectivity of a catalyst is not perfect, many of oxygen is consumed by oxidization of hydrogen. Moreover, the big difference has appeared 
in the persistence time of a catalyst with the mixed rate of air. Since this can use 02 for oxidization as compared with there being only an 
oxygen atom which the catalyst itself holds as an oxygen atom which can be used for CO or oxidization of H2 when air is not mixed when 
air is mixed, it is because the own exhaustion of a catalyst is delayed. When the above result was judged synthetically and the amount of air 
mixtures is made into near 10vol%, CO concentration falls even in a low value enough 10 ppm order, and it can be said that one H2 
concentration is the optimal mixed ratio since about 70% can be held. 

[0019] In the case of this example, although a fundamental demand can be filled, there is also a trouble. That is, it is the point that local 
unusual generation of heat in the upper section expected to originate in too much catalytic activity or a local flow, the bias of gas 
composition, etc. occurs rarely, and H2 oxidization of a considerable amount and degradation of a rapid catalyst are accepted. Furthermore, 
it is the point which the steam contained in reformed gas depending on conditions, such as a flow rate of outside air temperature and 
reformed gas, the steam generated by H2 oxidization which takes place unescapable according to CO selective oxidation catalyst further 
may condense by the catalyst bed. In addition, although it is necessary about mixing air to take the danger of explosion into consideration 
in the reformed gas which makes H2 a principal component, the structure immediately introduced into a catalyst bed after gas mixture is 
taken, and most danger of explosion disappears by making free space in the pipe line small. Moreover, when unusual generation of heat 
occurs, there is no example in which explosion occurred, and it is thought that safety is proved by this point. Moreover, [0020] which can 
hold down the power of explosion by reducing the amount of air mixtures as much as possible to the range which the pipe line can bear 
enough also in an emergency A [example 2] this example is what has improved the inconvenient part seen in the example 1, and is **. 
Although it is the same as that of an example 1, the heater and the heat insulator were installed in CO removal portion, and temperature was 
made to hold at 150 degrees C about the reforming section and CO conversion section. Similarly, the amount of air mixtures was changed 
between 0 - 20vol% to the reformed gas flow rate, and measured CO concentration in an outlet, and H2 concentration. A result is shown in 
Table 2. A reaction rate goes up by holding catalyst bed temperature at 150 degrees C, and the oxidization removal effect of CO is 
increasing more by it. Moreover, it did not happen at all un-arranging [ of the steam seen in the example 1 condensing ], but the 
improvement was made also at this point. However, the oxidization consumption of H2 also increases by one side, and the demerit of the 
persistence time decreasing in the form accompanying this also appears. 
[0021] 
[Table 2] 
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[0022] A [example 3] this example improves un-arranging [ which was seen in the examples 1 and 2 ]. Although the composition of each 
element portion etc. is the same as that of an example 2, a copper oxide differs from the manganese oxide system catalyst with which CO 
removal section is filled up greatly at the point which is using intentionally that to which it **(ed) for two weeks in the atmosphere, and 
activity was reduced to some extent. 

[0023] The reason and advantage which use the catalyst which reduced activity to below to some extent are described. Generally, poisoning 
of the copper oxide / the manganese oxide system catalyst used as a CO selective oxidation catalyst is carried out with a steam, and it is 
known that activity will fall, for this reason, in the use of CO gas mask etc., in keeping it, cautions, such as sealing, need - having -- such 
cautions -- a catalyst - high ~ it can be used in the activity state However, this can be set when carrying out oxidization removal of CO 
extremely contained in the air which is an oxidizing quality gas at a minute amount, and a situation differs from the case of CO removal in 
target reformed gas [ this invention ]. That is, if H2 which is the principal component of reformed gas has the matter which has a certain 
catalytic activity, a source of oxygen, and some temperature rise, it has the property that oxidization occurs easily. For this reason, although 
the copper oxide / manganese oxide system catalyst has CO selective oxidation nature high originally, the catalyst itself is a source of 
oxygen and CO concentration which is moreover an intentional-neurosis object cannot inhibit the H2 oxidation reaction as side reaction 
easily actually 1% or less under conditions, such as 75% of H2 concentration, 02 several percent, and temperature of 150 degrees C. 
[0024] However, when the copper oxide / manganese oxide system catalyst from which activity differs under such a situation were used as 
a result of some examinations, it became clear that a big difference is in the probability which causes early degradation of the unusual 
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temperature up of the whole catalyst bed and a catalyst by which induction was carried out to local generation of heat which was stated in 
the example 1, and this local generation of heat. Namely, when the catalyst of high activity is used, the probability of occurrence of unusual 
generation-of-heat and early degradation is as high as 2 - 30 percent. On the other hand, when leaving it, for example in the two- week 
atmosphere and reducing activity to some extent, the probability of such unusual generation of heat becomes remarkably small. Since the 
catalyst carried out poisoning partially with the steam in the atmosphere etc., this is guessed for oxidation reaction not to occur intensively 
in the upper portion of a catalyst etc. However, CO concentration in CO removal section outlet is equivalent to the case where a catalyst 
with high activity is used, and the fall of CO oxidation capacity in the whole was not accepted. That is, that to which CO oxidization has 
taken place mildly throughout the catalyst bed is presumed. If it sees about the catalyst particles of each, the portion to which surface 
activity was left behind will react the first stage, and it will be presumed that the reaction has occurred on the whole and mildly by gas 
being spread into an internal high activity portion henceforth. In addition, since poisoning by the steam is not that to which the oxygen 
content in a catalyst is changed fundamentally, most influences to the persistence time of a catalyst itself cannot be found. 
[0025] Troubles, such as unusual generation-of-heat and early degradation, are greatly improvable by using it, since the activity of the 
copper oxide / manganese oxide system catalyst with which CO removal section is filled up like described above is reduced to some extent. 
In addition, what is necessary is just to reduce the activity on the front face of a catalyst, without changing the own composition of a 
catalyst and an oxygen content fundamentally, although the catalyst is **(ed) for two weeks in the atmosphere in this example in order to 
reduce the activity of a catalyst to some extent. Therefore, where a steam partial pressure and temperature are raised, you may perform 
short processing. Moreover, when surface activity can be controlled in a catalyst manufacture stage, you may perform activity control in 
the stage. 

[0026] In the [example 4] this example, gold / iron-oxide system catalyst is used as a CO selective oxidation catalyst In this example, 
20Au ultrafine particle support alpha-Fe 3 catalyst was used. This catalyst is a catalyst commercialized by Oriental CCI, Inc. based on the 
technology of Osaka National Institute, AIST, and is a catalyst which demonstrates high CO selective oxidation activity at low temperature. 
Presupposing that it is the same as that of an example 1 about the reforming section and CO conversion section, temperature of CO 
conversion section was made into 120 degrees C, changed the amount of air mixtures between 0 - 20vol% to the reformed gas flow rate, 
and measured CO concentration and H2 concentration in an outlet. A result is shown in Table 3. 



[0027] 
Table 3] 
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[0028] The reduction effect of CO concentration cannot be said to be large as compared with a copper oxide / manganese oxide system 
catalyst as this result shows. However, since this catalyst functions as an original catalyst to exhausting the catalyst itself when a copper 
oxide / manganese oxide system is used, time to function as a catalyst will become very long. Although the continuous action examination 
of about 500 hours was performed with the composition of this example, the fall was not accepted in a catalyst performance. Moreover, 
phenomena, such as a local unusual temperature up, were not accepted, either, but stable operation was able to be performed. That is, in CO 
removal method by this example, although the level of CO concentration is a little high, it turns out that there is an advantage which can 
perform operation stabilized over the long period of time. Therefore, when the demand level to CO concentration is not so high, it can use 
enough as a method of removing CO in reformed gas. 

[0029] Although the example described above described by making the case of methanol reforming into an example, this may be reforming 
of other hydrocarbons, for example, may be applied to reformers, such as town gas. Moreover, about mixture of air, you may supply 
through a rate controller and a mixed ratio may be further changed according to the state of a system. Moreover, when the control -of-flow 
method or a catalyst needs to be exchanged, the use gestalt of cartridge- izing CO removal section may be taken, and convenience may be 
raised. Furthermore, it is not limited to the temperature which the temperature of CO removal section also has in an example. 
[0030] 

[Effect of the Invention] Like, CO removal method in the reformed gas of this invention is compact and simple composition, and can be 
used for the purpose which was described above and which reduces CO concentration in reformed gas greatly in a small-scale hydrocarbon 
reforming system. It becomes possible by CO concentration using for the fuel reforming system for solid-polymer-electrolyte type fuel 
cells possible [ lowering to about 10 ppm by selection of conditions ] to supply a direct fuel cell, without carrying out separation refining of 
the hydrogen from reformed gas. Moreover, the throughput control by amount control is also possible. Moreover, CO concentration 
reduction in operational stability and gas is attained by cartridge-izing a methanol, pure water, and a gas purification column, and reliability 
and safety are raised, furthermore, CO concentration generated with this methanol reforming vessel enough - low hydrogen it 
becomes possible to build the power supply system which can move [ that it is compact and ] by supplying rich gas to a low- temperature 
operation fuel cell 



[Translation done.] 
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